The effect of porcine follicular fluid on estradiol and progesterone secretion was examined using a rat granulosa cell culture with FSH and testosterone in the medium. Follicular fluids from small (<5mm) and large (>6mm) follicles (SFFI, LFF1) were treated with charcoal, and then fractionated by filtration through an Amicon XM-50 and an PM-10 membrane. The addition of 25% SFF1 and LFF1 into the culture system significantly inhibited estradiol and progesterone secretion (P<0.005). These inhibitory activities were observed in PM-10 retentates (10,000-50,000MW) and filtrates (<10,000MW) of SFF1 and LFF1. The addition of XM-50 filtrates (<50,000MW) of SFF1 and LFF1 caused a dose-dependent inhibition of estradiol and progesterone secretion. The dose-response relationship between the filtrates and estradiol secretion was linear with a significant correlation coefficient. The addition of the filtrates exerted no inhibitory effect on the growth of the cells cultured. XM-50 filtrate of LFF1 from a batch with a low ratio of small/large follicles showed a lower inhibitory activity on estradiol secretion than that of LFF1, while the inhibitory activities in both filtrates on progesterone secretion were almost equivalent. These results suggest that the follicular fluid of small porcine follicle contains nonsteroidal regulators capable of inhibiting estradiol and progesterone secretion by cultured rat granulosa cells, and that the estradiol secretion inhibitor activity decreases in the fluid of large follicle while the progesterone secretion inhibitor activity does not decrease in it.
Changes in the capacity of granulosa cells to metabolize aromatizable androgens to estrogens have been suggested to be a physiologically significant mechanism for determining the fate of individual follicles to mature and ovulate or to undergo atresia (McNatty et al,, 1979; Hillier et al., 1981 It has recently been proposed that such nonsteroidal factors as progesterone secretion stimulator LedwitzRigby et al., 1982; Osteen and Channing, 1983) , progesterone secretion inhibitor (Hillensjo et al., 1980 (Hillensjo et al., , 1983 Channing et al,, 1982) , estrogen secretion stimulator (LedwitzRigby, 1983 ) and estrogen secretion inbibitor (Kling et al., 1983; diZerega et al., 1983) found in follicular fluids of various species may participate in the regulation of the fate of individual follicles by modifying the steroidogenic capacity of granulosa cells. However, the biochemical and physiological characteristics of such factors are not established yet.
We previously reported that porcine follicular fluid supresses estrogen and progesterone secretion by cultured rat granulosa cells (Kigawa, 1984) . The present study was designed and projected to extend it in further detail. 
Results

Steroid Concentrations in Follicular Fluid
The concentraion values for estradiol and progesterone in SFF1 and LFF1 are shown in Table 1 . The values are the mean for two batches. The concentration of each progesterone and estradiol was high in original SFF1 and LFF1, but the charcoal treatment brought about a decline in these concentrations. The decline of estradiol concentration was sharper than that of the progesterone concentration.
The fifth charcoal extraction removed 99.5% of estradiol in SFF1 and 96.8% of it in LFF1, while it removed only 60.5% of progesterone in LFF1 and 89.4% of it in SFF1. The estradiol and progesterone concentrations in the PM-10 retentates (10,000-50,000 MW) and filtrates (<10,000 MW) of SFF 1 and LFF 1 were at an undetectable level, but estradiol and progesterone were markedly concentrated in the XM-50 retentates (>50,000 MW) of SFF1 and LFF1.
Estradiol and Progesterone Secretion by
Cultured Rat Granulosa Cells During the first 48h culture granulosa 
Effect of Porcine Follicular Fluid on Estradiol and Progesterone Secretion by Cultured Rat Granulosa Cells
The effect of porcine follicular fluid on estradiol and progesterone secretion was examined using a culture system in which the granulosa cells from PMSG-pretreated immature rats were cultured during the second 48 h in the presence of FSH and testosterone to augment estradiol and progesterone secretion. SFF 1 and LFF1 were added into the culture system at a dose of Vol. 33 25%. Since SFF1 and LFF1 contained a measurable amount of progesterone in themselves, the net amount of progesterone secreted into the medium by granulosa cells was calculated by subtracting the progesterone contained in 25% SFF1 and LFF1 from the total progesterone measured in medium after the culture ended. In contrast to this, a very small amount of estradiol contained in SFF1 and LFF1 was negligible in the calculation of net estradiol secreted into the medium by the cells. XM-50 retentates of SFF1 and LFF1, in which a large amount of estradiol and progesterone were concentrated were not used for the assay of biological activities. PM-10 retentates (10,000-50,000 MW) and filtrates (<10,000 MW) of SFF 1 and LFF1 were added into the culture system at a dose of 50%, since estradiol and progesterone were undetectable in them. Different batches of follicular fluids were used in different experiments. The addition of 25% SFF1s from two batches (A and B) caused a significant decrease (P <0.005) in estradiol secretion, but did not cause a decrease in progesterone secretion (Table 2 ). This finding suggesting that 25% SFF1s had no inhibitory effect on progesterone secretion was probably brought about by the overestimation of net progesterone by adding progesterone left in SFF1s after charcoal extractin. The addition of PM-10 retentates and filtrates of the same SFF1s (A and B) at a dose of 50% resulted in a significant decrease in both estradiol and progesterone secretions (P< 0.005) ( Table 2 ). As shown in Table 3 , 25% LFF1s from two batches (A and C), and 50% PM-10 retentates and filtrates of the same LFF1s added into the culture system caused a significant decrease in both estradiol and progesterone secretions (P<0.005). However, 25% LFF1, and 50% PM-10 retentate and filtrate from a batch (D) showed no inhibitory effect on estradiol secretion, but showed a significant inhibitory effect on progesterone secretion, except 50% filtrate.
Dose Effect of Porcine Follicular Fluid
Inhibition of Estradiol and Progesterone Secretion by Cultured Rat Granulosa Cells A dose effect of porcine follicular fluid inhibition of estradiol and progesterone secretion by cultured rat granulosa cells was examined using XM-50 filtrates (<50,000 MW) of SFF1 and LFF1, since both PM-10 retentates (10,000-50,000 MW) and filtrates (>10,000 MW) of SFF1 and LFF1 showed inhibitory effects on estradiol and progesterone secretion. The XM-50 filtrate of SFF1 was added into the culture system at doses of 0.5%, 5%, 50% and 500%, and the filtrate of LFF1 was added at doses of 1%, 10%, 100% and 1000%. The results are shown in Fig. 2 . Estradiol secretion was inhibited by the addition of the filtrates of SFF1 and LFF1 in a dose-dependent manner. The regression line between estradiol secretion and the filtrates was linear. The correlation coefficients for SFF1 filtrate and LFF 1 filtrate were -0.9995 (P<0.01) and -0.9742 (P<0.05), respectively. Progesterone secretion was also inhibited by the addition of the filtrates of SFF1 and LFF1 in a dose-dependent fashion, but the regression line between progesterone secretion and the filtrates was not linear. The correlation coefficients for SFF 1 filtrate and LFF 1 filtrate were -0.9379 (P<0.1) and -0.8461, respectively. The numbers of granulosa cells per culture well counted at the end of the experiment are shown in Fig. 2 . The addition of 0.5%, 5% and 50% SFF1 filtrate, and 1%, 10% and 100% LFF 1 filtrate exerted no inhibitoy effect on the growth of granulosa cells. The addition of 500% SFF 1 filtrate and 1000% LFF 1 filtrate exerted a stimulatory effect on the growth of cells.
Comparison of Inhibitory Activity on Estradiol and Progesterone Secretion in Small and Large Porcine Follicular Fluid
To test if there was a difference in inhibitory activity on estradiol and progesterone secretion in SFF1 and LFF 1, XM-50 filtrates (<50,000 MW) of SFF 1 and LFF1 from the same batch were added into the culture system at four doses of 2%, 10%, 50% and 200%. SFF1 and LFF 1 used in this experiment were collected from a pool of ovaries appearing to have a low ratio of small/large follicles. The results are shown in Table 4 . The XM-50 filtrate of SFF 1 showed a dose-dependent inhibitory activity on estradiol secretion, and inhibitory activities of 50% and 200% filtrate were highly significant (P<0.005). In comparison with this, the XM-50 filtrate of LFF 1 significantly suppressed estradiol secretion only at a high dose of 200% (P<0.01).
The inhibitory activity of SFF1 filtrate on estradiol secretion was significantly higher than that of LFF 1 filtrate (P<0.01 at 50% dose, P<0.005 at 200% dose). The XM-50 filtrates of SFF1 and LFF 1 showed a dose-dependent inhibition on progesterone secretion with the same potency. The XM-50 filtrate of SFF 1 treated with heat and trypsin was added into the culture system at a dose of 50% (Table 5 ). The inhibitory activity of the filtrate on estradiol and progesterone secretion was not lost by heat treatment.
The trypsin treatment partially inactivated the inhibitory activity on estradiol secretion but the inactivation was not complete. The inhibitory activity of the filtrate on progesterone secretion was not influenced by the trypsin treatment. 
Discussion
In the present experiments, follicular fluid from small porcine follicles (<5mm) treated with charcoal inhibited estradiol secretion by cultured rat granulosa cells.
The granulosa cells here isolated from preovulatory follicles of PMSG-pretreated immature rats were cultured by adding FSH and testosterone to augment estradiol and progesterone secretion. The inhibitory activity on estradiol secretion was also detected in the filtrate (<50,000MW) of small follicular fluid obtained by filtration through an XM-50 membrane, estradiol and progesterone of which had been completely removed by this procedure. Although exogenous progesterone was reported to suppress estradiol secretion by rat granulosa cells cultured with FSH and testosterone (Fortune and Vinecnt, 1983) , our results indicate that the inhibition by the filtrate of estradiol secretion is not due to the inhibition by progesterone contained in follicular fluid. As shown in Fig. 2 . the inhibition by the XM-50 filtrate of estradiol secretion was dose-dependent, and the doseresponse relationship between the filtrate and estradiol secretion was negatively linear with a significant correlation coefficient (P <0.01). The possibility that the inhibitory activity of the filtrate is dependent upon the cytotoxic effect of the filtrate on cultured granulosa cells may be denied by the fact that granulosa cells cultured with the filtrate grew in the same way as the cells cultured without the filtrate. These results indicate that follicular fluid from small porcine follicles contains nonsteroidal regulator(s) capable of inhibiting estradiol secretion by cultured rat granulosa cells.
It was impossible to determine the molecular weight of this inhibitor by a membrane filtration method, since two fractions obtained by filtration through a PM-10 membrane of the XM-50 filtrate of small follicular fluid, PM-10 re tentate (10,000-50,000 MW) and filtrate (<10,000 MW), inhibited estradiol secretion with the same potency. The inhibitory activity was not decreased by heat treament, but was partially inactivated by trypsin treatment. Extraction with both ether and charcoal did SECRETION INHIBITION OF FOLLICULLAR FLUID 229 not decrease the inhibitory activity (data not shown). These results may suggest that the inhibitory activity is probably heatstable protein, not lipid in nature.
As shown in Table 2 , charcoal-treated follicular fluid from large porcine follicles (>6mm) and the two fractions obtained by filtration through a PM-10 membrane of the XM-50 filtrate showed variale inhibitory effects on estradiol secretion compared with small follicular fluid and the two PM-10 fractions.
The large follicular fluid and two PM-10 fractions from a batch showed the potent inhibitory activity, while those from another batch showed no inhibitory activity. Each time follicular fluids were collected in a pool, porcine ovaries at puberty had different ratio of small/large follicles. We supposed that a pool of large follicular fluids from ovaries with a low ratio of small/large follicles might have only a slightly inhibitory effect on estradiol secretion.
Results supporting this supposition were obtained (Table 4) ; the XM-50 filtrate of large follicular fluid from a batch appearing to have a low ratio of small/large follicles showed inhibitory activity only when added at a higher does, while the XM-50 filtrate of small follicular fluid from the same batch inhibited estradiol secretion at a lower dose and the inhibition was dose-dependent. It is, therefore, suggested that the estradiol secretion inhibition activity in follicular fluid of developing antral follicles decreases depending upon the maturational state of the follicles, the higher the maturational state of the follicles, the lower the inhibitory activity of follicular fluid. However, it is possible that the concentration of inhibitor is low in a pool of follicular fluid with a high ratio of atretic/ nonatretic large follicles. The possibility may be possibly denied by the fact that the XM-50 filtrate of large follicular fluid with a low inhibitory activity on estradiol secretion has a highly inhibitory effect on progesterone secretion.
There are several reports on nonsteroidal intrafollicular substance(s) capable of regulating estrogen secretion by granulos cells in vitro. In agreement with our results, Kling et al. (1983) extracted a proteinous substance from porcine follicular fluid from medium follicles (3-5 mm) using ammonium sulfate precipitation and Orange A dyematrix chromatography, which inhibited an increase in estradiol secretion by porcine granulosa cells from medium follicles incubated in the presence of LH/FSH and androstenedione. The same inhibitory activity was detected in the human follicular fluid (diZerega et al., 1983) . In contrast to this, Ledwitz-Rigby (1983) reported that charcoal-treated fluid from large porcine follicles (6-12 mm) enhanced estradiol secretion by granulosa cells from small porcine follicles (1-2 mm) cultured with FSH and testosterone.
Whether porcine follicular fluid contains both an inhibitor and a stimulator of estradiol secretion or either remains to be determined.
In the present experiments, in addition to the estradiol secretion inhibition activity, the XM-50 filtrates of small (<5 mm) and large (<6mm) follicular fluids have been demonstrated to exert an inhibitory effect on progesterone secretion by rat granulosa cells cultured with FSH and testosterone. As shown in Fig. 2 , the inhibition by both filtrates was dose-dependent, but the doseresponse relationship between the filtrates and progesterone secretion was not linear as far as tested. The inhibitory activity on progesterone secretion was observed in the two PM-10 fractions, PM-10 retentate and filtrate, of small and large follicular fluids. These results indicate that follicular fluids from small and large porcine follicles contains nonsteroidal regulators(s) capable of inhibiting progesterone secretion by rat granulosa cells cultured with FSH and testosterone.
The inhibitory activity has been suggested to be possibly heat-stable and resistant to trypsin digestion.
Whether the estradiol secretion inhibitor and the progesterone secretion inhibitor in porcine follicular fluid described here are different substances or a single substance acting via a different pathway is now unclear. However, the finding that the inhibitory effect on estradiol serection in the XM-50 filtrate of large follicular fluid is weaker than that in the filtrate of small follicular fluid while the inhibitory effects on progesterone secretion in both small and large follicular fluids are almost equivalent appears to indicate that the two inhibitors are not the same substance.
There are some contradictory reports with regard to the effect of follicular fluid on progesterone secretion by granulosa cells in vitro. HillensjO et al (1980) reported that a low molecular weight fraction (<1,000 MW) obtained by PM-10 membrane filtration and Sephadex G-25 column chromatography of a pool of porcine follicular fluids from small, medium and large follicles produced inhibition of basal progesterone secretion by cultured cumulus granulosa cells from medium (3-5 mm) follicles. In contrast to this, charcoal-treated fluid from large (6-12 mm) porcine follicles was reported to enhance basal progesterone secretion by cultured porcine granulosa cells from small follicles . The identification and purification of the progesterone secretion inhibitor are needed to explain the contradiction.
In conclusion, our results may suggest that although the granulosa cells in small antral follicles, if placed in a milieu containing FSH and aromatizable androgens, are capable of secreting both estradiol and progesterone, the cells are restrained by the follicular fluid inhibitor from secreting estradiol and the disappearance of inhibitor in follicular fluid stimulates them to secrete estradiol, while progesterone secretion by the cells is continuously suppressed by another inhibitor during the whole process of follicular development to secure the efficient estradiol secretion needed to stimulate the growth of the follicles.
